We treat the baryon as a composite system made out of a "core" of three quarks (as in the standard quark model) surrounded by a "sea" (of gluons and qq-pairs) which is specified by its total quantum numbers like flavor, spin and color. Specifically, we assume the sea to be a flavor octet with spin 0 or 1 but no color. The general wavefunction for spin 1/2 baryons with such a sea component is given. Application to the magnetic moments is considered.
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Numerical analysis shows that a scalar (spin 0) sea with an admixture of a vector (spin 1) sea can provide very good fits to the magnetic moment data using experimental errors. Our best fit automatically gives g A /g V for neutron beta decay in agreement with data. This fit also gives reasonable values for the spin distributions of the proton and neutron.
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I. INTRODUCTION
Attempts to understand the static properties of hadrons in the framework of the standard quark model (SQM) have had limited success. The belief that valence quarks were responsible for the spin of the proton has been shattered by recent experiments [1] .
The naive valence quark picture of hadron structure is a simplification which does not properly take into account the fact that quarks interact through color forces mediated by vector gluons. The existence of the quark-gluon interaction, in QCD, implies that a hadron should be viewed as consisting of valence quarks surrounded by a "sea" which contains gluons and virtual quark-antiquark (qq) pairs. Deep inelastic lepton-nucleon scattering has shown the existence of a sea component and its importance for nucleon structure functions.
It is thus necessary to understand how this sea contributes to the baryon spin and other low energy properties.
Several authors [2] [3] [4] [5] [6] [7] have studied the effect of the sea contributions on the hadron structure and the static properties of baryons. Some consider the sea as a single gluon or a qq-pair. However the sea, in general, consists of any number of gluons and qq-pairs.
In this paper we "model" the general sea by its total quantum numbers (flavor, spin and color) which are such that the sea wave function when combined with the valence quark wave function gives the desired quantum numbers for the physical hadron. In particular, we explore the consequences of a "sea" with flavor and spin but no color [6, 7] for the low energy properties of the spin 1/2 baryon octet (p, n, Λ, . . .).
For simplicity, we consider a flavor octet sea with spin 0 and spin 1. The physical baryon wavefunction incorporating the sea is used to calculate the baryon magnetic moments, understanding of which is our primary motivation. We find that a scalar (spin 0) sea and a vector (spin 1) sea described by two and one parameters respectively gives a very good fits to the magnetic moment data. These fits give us numerical predictions for the spin distributions of the nucleons and g A /g V for neutron beta decay.
In Sec. II, we discuss the wavefunctions for the physical baryons constructed from the valence quarks and our model for the sea. In Sec. III, we obtain the magnetic moments from the modified wavefunction and a general discussion of the results for them is given in Sec. IV. Sec. V gives the consequences of the fits for the spin distributions. Our fits automatically predict g A /g V ; the axial vector weak decay constant for neutron beta decay.
Use of this datum as a constraint on the fits is briefly discussed in Sec. VI. Sec. VII gives a summary and discussion.
II. SPIN 1/2 OCTET BARYON WAVEFUNCTIONS WITH SEA
For the lowest-lying baryons, in the SQM, the three valence quarks are taken to be in a relative S-wave states. The flavor-spin wavefunction of the three quarks is totally symmetric while the color wavefunction is totally antisymmetric to give a color singlet baryon. For the SU(3) flavor octet spin 1/2 baryons we denote this SQM or q 3 wavefunction byB(8, 1/2), the argument 1/2 refers to spin. These
Representing the baryons by this wavefunction is at best a first-order approximation. In reality, since quarks interact, the baryons contain a "sea" of gluons and virtual qq-pairs in addition to the valence quarks. The important question is how to take into account this general sea. We take this general sea to be described by wavefunctions which are specified by the total flavor, spin, and color quantum numbers of the sea. We picture the physical baryon as a q 3 "core" (described by SQM wavefunctionB(8, 1/2)) sorrounded by a sea.
The physical baryon octet states, denoted B(8, 1/2) are obtained by combining the "core" wavefunctionB(8, 1/2) with the sea wavefunction with specific properties given below.
We assume the sea is a color singlet but has flavor and spin properties which when combined with those of the core baryonsB give the desired properties of the physical baryon B. We further assume that there is no relative orbital angular momentum between the core and the sea. Since both the physical and core baryon have J P = 1 2 + , this implies that the sea has even parity and spin 0 or 1. The spin 0 and 1 wavefunction for the sea are denoted by H 0 and H 1 , respectively. We also refer to a spin 0 (1) sea as a scalar (vector) sea. For SU(3) flavor we assume the sea has a SU(3) singlet component and an octet component described by wavefunctions S(1) and S(8), respectively. The color singlet sea in our model is thus described by the wavefunctions S(1)H 0 , S(1)H 1 , S(8)H 0 , and S(8)H 1 .
The SU(3) symmetric and spinless sea component implicit in SQM is described by S(1)H 0 . Such a color singlet sea would require at least two gluons or a qq-pair. The sea described by the wavefunctions S(1)H 1 , S(8)H 0 , and S(8)H 1 require a minimum of one qq-pair. The flavor and spin quantum numbers of the sea considered here are simple or minimal in the sense that they require only one qq-pair. However, the color singlet sea described by the above wavefunctions can, in general, have any number of qq-pairs and gluons consistent with its total flavor and spin quantum numbers.
We thus represent the physical baryon states as a superposition of different combinations of the core baryons with the sea wavefunctions specified above, namely
The flavor and spin quantum numbers of the core baryonsB and the sea (in each term) combine to give the quantum numbers of the physical baryon B. The baryon B is thus part of the time justB with an inert sea (first term in Eq. (1)) and part of the timeB plus sea with flavor and spin (last three terms in Eq. (1)).
Because the sea has flavor, Eq. (7)). We now go on to formulate the baryon wavefunction more precisely.
The total flavor-spin wavefunction of a spin up (↑) physical baryon which consists of 3 valence quarks and a sea component (as discussed above) can be written schematically as
The normalization not indicated here is discussed later. The first term is the usual q 3 -wavefunction of the SQM (with a trivial sea) and the second term (coefficent b 0 ) comes from spin-1 (vector) sea which combines with the spin 1/2 core baryonB to a spin 1/2↑ state.
So that,
In both these terms the sea is a flavor singlet. The third (fourth) term in Eq. (2) The sea isoespin multiplets contained in the octet S(8) are denoted as
The suffix on the components label the isospin and hypercharge quantum numbers. Note, the familiar pseudoscalar mesons are used here as subscripts only to label the flavor quantum numbers of the sea states. All the components of S (8) (2) is of the form (suppressing Table II . In Table I we have denotedB(Y, I, I 3 ) and S(Y, I, I 3 )
by appropiate symbols, e.g.,B(1, 1, 1/2) byp, S(0, 1, 1) by S π + , etc. Since the flavor content of the fourth term with vector sea is the same as for the scalar sea, the contribution of the fourth term in Eq. (2) to the physical baryon state can be obtained by using Eq. (3) and Tables I and II 
In Tables I and II for the reduction ofB(8) ⊗ S(8) into various SU (3) representations we have followed the convention used by Carruthers [8] .
The normalization of the physical baryons wavefunction in Eq. (2) can be obtained by using
However, it should be noted that the normalization are different, in general, for each B(Y, I)
state. This is because not all a(N) and b(N) contribute to a given (Y, I)-multiplet as is clear from Tables I and II. For example, a(1) and b(1) contribute only to Λ while a(10) and b (10) do not contribute to the nucleon states. Denoting by N 1 , N 2 , N 3 , and N 4 , the normalization constants for the (p, n),
, and Λ isospin multiplets, one has
where,
For example, using Tables I and II , and Eqs. (6), the physical spin-up proton state as given by Eq. (2) is
and so on. Other baryon wavefunctions will have a similar structure. Also, (Ñ ↑ S π ) 1/2,1/2 ((Σ ↑ S K ) 1/2,1/2 ) stand for the I = I 3 = 1/2 combination of the I = 1/2Ñ (S K ) and I = 1
For any operatorÔ which depends only on quarks, the matrix elements are easily obtained using the ortogonality of the sea components. Clearly p ↑ |Ô|p ↑ will be a linear combination of the matrix elements B ↑ |Ô|B ′ ↑ (known from SQM) with coefficients which depend on the coefficients in the wavefunction.
For applications, we need the quantities (∆q) B , q = u, d, s; for each spin-up baryon B.
These are defined as
where n B (q ↑) (n B (q ↓)) are the number of spin-up (spin-down) quarks of flavor q in the spin-up baryon B. Also, n B (q ↑) and n B (q ↓) have a similar meaning for antiquarks.
However, these are zero as there are no explicit antiquarks in the wavefunctions given by Eq. (2). The expressions for (∆q) B are given in Table III in terms of the coefficients b 0 ,β i , It is clear, in this case, that our wavefunction provides a model for spin 1/2 baryons which is more general than the phenomenological model considered by some authors [9] recently to fit the baryon magnetic moments. These authors take the three quantities (∆q)
as parameters to be determined from data but use flavor SU(3) to express all the other (∆q) B in terms of the (∆q) p . In our case the various (∆q) B are not simply related by flavor SU(3) because of the non-trivial flavor properties of the sea and thus provides an explicit and very different model for the baryons.
III. APPLICATION TO MAGNETIC MOMENTS
We assume the baryon magnetic moment operatorμ to be expressed solely in terms of quarks as is usual in the quark model. So thatμ = q (e q /2m q )σ 
etc. Consequently, all the magnetic moments and the Σ 0 → Λ transition magnetic moment in our model can be written simply as
where the (∆q) B and (∆q) Σ 0 Λ are given in Table III and B = p, n, Λ, . . ..
A class of models [9] have been recently considered in which the magnetic moments were expressed in terms of µ q and (∆q) p (q = u, d, s) without giving an explicit wavefunction. 
holds. This is becauseμ transforms as (I = 0)⊕(I = 1) in isospin space and the wavefunction of Eq. (2) respects isospin thus giving (∆q) Table III ). Even so, three sum rules, namely
emerge. These have been noted earlier in the context of other models [6, 9] . The values of the two sides taken from data [11] are shown in parentheses. The reason these sum rules hold despite the number of parameters is because they are a consequence of flavor SU(3) since baryons form a SU(3) octet andμ transforms as 1⊕8. However, as can be seen, the first two SU(3) sum rules are not well satisfied experimentally. To avoid them one could modify the SU(3) transformation properties ofμ or the baryons. A group-theoretic analysis with the most generalμ which would contribute to the magnetic moments of an octet was done by Dothan [12] over a decade ago. Such aμ could arise from SU(3) breaking effects. However, several authors [13] have considered models in which they modify the baryon wavefunction.
In our approach, we keepμ as given by the quark model but modify the baryon wavefunction by taking a sea with flavor and spin into account as in Sec. II.
SQM has three parameters µ q (q = u, d, s) the quark magnetic moments in nuclear magnetons µ N . A fit using experimental errors gives χ 2 /DOF = 1818/5 with µ u = 1.8517,
. These values for µ q differ from the values given in Ref. [11] , since there µ p , µ n , and µ Λ are used as inputs.
The situation improves a little for a pure octet physical baryon with scalar and vector sea described by a(8 F ), a(8 D ), b 0 , b(8 F ), and b(8 D ). These five sea parameters enter Eqs. (9) only through the three combinations given by (∆q) p . Hence, the 3 sum rules in Eqs. (11)- (13) . For experimental errors with µ q also as parameters one obtains 1 χ 2 /DOF = 652/3.
Most of the contribution to χ 2 comes from a poor fit to µ Σ + , µ Σ − , and µ Ξ 0 . This is a clear indication that admixture of other SU(3) representations in our wavefunction need to be considered.
As noted above, even with both scalar and vector sea present, the poorly satisfied SU (3) sum rules Eqs. (11)- (13) will hold as long the physical baryon is restricted to be an octet. This means we must include SU(3) breaking effects in the baryon wavefunction by considering non-zero a(N) and or b(N) with N = 1, 10,10, 27.
IV. RESULTS
In making our fits we have used experimental errors as given by Particle Data Group [11] . This is in contrast to many authors who use "theoretical errors" of the order of a few percent or more to fit the data. In actual fact the experimental errors are much smaller. To get a feeling for how the sea contributes we did extensive and systematic numerical 1 Due to the form of Eqs. (9) there are only five effective parameters [9] .
analysis separately for the three cases: pure scalar (spin 0) sea, pure vector (spin 1) sea, and scalar plus vector sea. In all the fits, in addition to the sea parameters, µ q were treated as parameters. Unlike for the scalar sea, the pure vector sea modification of the wavefunction is in the wrong direction. This is probably because the vector sea contributions to (∆q) B 's has an overall opposite sign (see Table III ) to that of the scalar sea contribution.
Scalar plus vector sea. All the parameters in the wavefunction of Eq. (2) do not play a significant role. In fact, we find that excellent fits are obtained by describing the scalar sea by only two parameters a(8 F ) and a(10) and the vector sea by one parameter either b 0 or b(8 F ). Two fits to the magnetic moment data with six parameters only (3 for the sea and 3 µ q 's) are listed in "Case 1" and "Case 2" columns of Table IV . For easy reference the parameters of the fits in Table IV In summary, the inclusion of a scalar sea or scalar plus vector sea in the baryon give excellent fits to the spin 1/2 baryon magnetic moment data. We feel our six parameters fits using actual experimental errors are significant since most fits with four to five parameters invoke large "theoretical or notional errors" of a few percent to obtain reasonable χ 2 -values.
It is gratifying that with just one more parameter we can fit the actual experimental magnetic moment data and also are able to accomodate the EMC and neutron beta decay data (see
Secs. V and VI).
The magnetic moment fits determine all the (∆q) B which in turn have implications for spin distrbutions and the ∆s = 0 axial vector weak decay constant g A /g V . We consider these for the nucleons and neutron beta decay where data are available.
V. SPIN DISTRIBUTIONS
The spin distribution for the proton and neutron (in terms of quarks) are given by
The SQM values are I The EMC experiment tells us that this is not so. It is clear that for better fits to I p,n 1 a vector sea is required so that q (∆q) B = 1, which is true for Cases 1 and 2. An experiment to measure the spin structure function of the Λ has been proposed recently [15] . Quark model gives
In which is lower than the SQM value.
VI. AXIAL VECTOR WEAK DECAY CONSTANT (g
Our general physical baryon wavefunction in Eq. (2) respects isospin, so that the physical p and n form an isodoublet and thus gives that for neutron beta decay n → p + e − +ν e
This is a very accurately measured quantity with the value 1.2573±0.0028. Of the fits to the magnetic moments alone it is gratifying that the fits of Case 1 and Case 2 automatically yield g A /g V = 1.2592 and g A /g V = 1.2463, respectively. This encouraged us to try a combined fit to the 11 pieces of data, viz. 8 magnetic moments, 2 spin distributions, and g A /g V . The fits are very similar to those of Cases 1 and 2. Of these, the best fit is practically the same as for Case 1 and differs from it only in fitting g A /g V more exactly and so is not displayed in (which is also true for Case 1).
VII. SUMMARY
In summary, we have considered the physical spin 1/2 low-lying baryons to be formed out of "core" baryons (described by the q 3 -wavefunction of SQM) and a color singlet "sea" which carries flavor and spin. This sea (which may contain arbitrary number of gluons and qq-pairs) is specified only by its total flavor and spin quantum numbers. The most general wavefunction for the physical baryons for an octet sea with spin 0 and 1 was con- the wavefunction describing the sea were determined by application to the baryon magnetic moment data, our primary objective. We found an extremely good fit, with six parameters, to this data using available experimental errors [11] . Results are summarized in Tables IV   and V . Three of these parameters determined the sea contribution while the other three were µ q 's (or m q 's, q = u, d, s) the quark magnetic moments (masses). The sea was found to be dominantly scalar (spin 0) described by 2 parameters while the admixture of the vector sea contributed only one parameter. The modified baryon wavefunction including such a sea which provides a good fit to the magnetic moment data has only three parameters. As a by product, for Case 1, we found a very good prediction for g A /g V for n → p + e − +ν e .
The prediction for the spin distributions is in better agreement than SQM. Our results (see Case 1 our best fit in Table IV) suggest that the physical spin 1/2 "octet" baryons contain an admixture of primarily the 10 representation. Why SU(3) breaking (which we have invoked through a flavor octet sea) induce these representations is a question for the future when one is able to calculate the parameters in the wavefunction of Eq. (2) reliably from quantum chromodynamics. 
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